Two-dimensional particle-in-cell simulations have been carried out to study electron 
I. INTRODUCTION
Solar wind magnetic turbulence is observed to have power law energy spectra in frequency 28 observed in a spacecraft frame of reference f . In the magnetohydrodynamics (MHD) regime 29 where f is less than 0.1Hz, the spectral index is frequently close to −5/3 1,2 . Because of the length ρ p which correspond to f < 0.1Hz, assuming the Taylor frozen-in-flow hypothesis.
34
The energy cascade of solar wind turbulence transfers its energy in the inertial range 35 into a short scale turbulence range which is usually observed at f > 0.1Hz. The magnetic 36 spectrum at the short scales has a spectral breakpoint, and is usually steeper than the 37 inertial range 1, 3, 4 . Some earlier papers describe the steep energy spectra as "dissipation where wave-particle dissipation is weak. They found a more anisotropic wavenumber spec- to the magnetic field become comparable at high beta.
111

II. SIMULATION MODEL AND PARAMETERS
112
We have done two-dimensional and three-velocity (2D3V) relativistic electromagnetic We use 1024 × 1024 grid points in the two-dimensional simulation box on the x-y plane,
118
where the periodic boundary condition for the two directions is imposed on particles and 119 fields. The z direction is defined as the direction perpendicular to the two-dimensional plane.
pairs in the cell is 64, so the total number of pairs is about 6.7 × 10 7 . We define the light 
153 summed over wavenumbers 0.3 ≤ k ≤ 3.0 in β e = 0.01 (green), 0.1 (blue), and 1.0 (red).
154
Here wavenumber k is k 2 x + k 2 y . Since the wavenumber range excludes initially applied which is defined as 195 Figure 5 shows the anisotropic heating ratio of electrons for the three simulations defined
where K e is the electron kinetic energy summed over all electrons. Subscripts "0" indi-
199
cates the kinetic energy at t = 0. The denominator is close to be zero in early phase, so respectively, the η e should be relatively independent of fluctuation amplitudes. So the results
211
of Figure 6 are consistent with the hypothesis that electron heating in our simulations is 212 due to these two linear dissipation processes rather than nonlinear dissipation processes.
213
IV. DISCUSSION AND CONCLUSION
214
We have done two-dimensional particle-in-cell simulations for whistler turbulence at low
215
(β e = 0.01), middle (β e = 0.1), and high (β e = 1.0) plasma beta condition. Our simu-
216
lations show that the anisotropies of magnetic wavenumber spectrum of decaying whistler 217 turbulence and electron heating decreases with increasing plasma beta.
218
The cascaded fluctuation energy should finally be dissipated and converted into the elec-219 tron kinetic energy, so the cascade rate could be almost proportional to the heating rate. 
247
This scenario would be one plausible mechanism to generate the strahl distribution; for the three simulations at saturated times which are defined as |Ω e |t = 500 at β e = 1.0,
316
|Ω e |t = 2000 at β e = 0.1, and |Ω e |t = 3000 at β e = 0.01, as seen in Figure 1 . at β e = 0.1, and |Ω e |t = 3000 at β e = 0.01, as seen in Figure 1 . These distributions are 324 normalized to the maximum value at t = 0.
325
Figure 5 as η e at β e = 0.01 (green), 0.1 (blue), and 1.0 (red).
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Figure 6 
